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ABSTRACT 

This  paper  presents  a  case  study  for  a  drop  foot  patient,  analyzing  the  muscle  activation  via  electromyography 
(EMG)while  using  different  types  of  ankle  foot  orthosis  (AFO)  and  compare  it  with  muscle  activity  of  bare  foot 
movement  during  stair  climbing  and  gait.  EMG  activity  in  stair  climbing  and  gait  was  recorded  without  and  with 
wearing  three  types  of  AFO  materials  (Polypropylene  (PP),  carbon  fiber  composite  material  (CF),  Polylactic  Acid(PFA)) 
under  different  backpack  load  (0  Kg,  5  kg,  10  kg,  25  kg).  EMG  signals  recorded  from  the  two  lower  limb  muscles 
(gastrocnemius  and  tibialis  anterior)  showed  that  amplitude  of  EMG  increased  with  increasing  load  during  stair 
climbing  and  gait.  The  Normalized  EMG-RMS  (NER)  of  both  the  muscle  group  was  greater  instair  climbing  compared 
to  gait.  NER  of  gastrocnemius  teas  greater  than  tibialis  anterior  for  both  the  task  under  the  same  load  condition.  While 
using  PLA-AFO  on  drop  foot  lower  limb,  the  NER  of  both  the  muscle  was  comparable  to  the  NER  value  of  normal  limb 
in  both  the  task.  The  study  of  muscle  activation  under  different  backpack  load  during  stair  climbing  can  be  used  to 
design  orthoses  device  and  interface  with  intelligent  control  based  on  EMG  for  human  activities  lower  muscle. 
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INTRODUCTION 

Walking  and  stair  climbing  are  common  tasks  encountered  in  day  to  day  living.  Manifesting  these  tasks 
are  highly  dependent  on  the  strength  and  functioning  of  lower  limb  [1],  [2],  [3],  [4],  [5].  Researchers  have  studied 
the  effectsof  step  height  [6],  gait  velocity  [7],  age  [8]  and  staircase  aberration  on  lower  limb  biomechanics  [9]. 
Both  endo  and  exo-orthosis  have  proven  their  efficacy  in  improving  patient  gait  suffering  from  lower  limb 
pathology.  Studies  have  shown  the  positive  changes  in  gait  ability  of  patients  with  knee  and  hip  implants  [11],  [12], 
amputees  with  artificial  limbs  [13]  and  athletes  with  anterior  cruciate  ligament  deficiencies  [14].  Study  have  also 
been  conducted  to  show  the  effect  of  orthosis  material  on  gait  kinematics  [10]. 

Drop  foot  is  the  abnormality  in  gait  caused  due  to  improper  flexion  of  the  ankle  and  is  commonly 
occurred  after  stroke,  spinal  cord  injury,  or  other  nervous  disorders.  In  drop  foot,  the  patient  is  unable  to  lift  the 
affected  feet  which  results  in  dragging  of  ankle  during  the  swing  phase  of  the  gait  cycle.  Various  powered  and 
non-powered  ankle  foot  orthosis  (AFO)  are  available  which  are  used  to  treat  the  pathology  and  support  the  foot 
during  swing  phase.  However  the  AFO  are  sometimes  found  uncomfortable  to  the  patient  and  does  not  promote 
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muscle  atrophy  [15].  Hence  it  is  important  to  study  the  muscle  activation  while  using  these  AFOs. 

Surface  Electromyography  (EMG)  provides  a  non-invasive  way  to  investigate  the  muscular  effort  in  the  form  of 
summed  action  potentials.  EMG  have  been  used  to  provide  both  the  insight  into  neuralcontrol  strategies  for  different  tasks 
in  gait  cycle  [1],  [16],  [17]  as  well  as,  to  indicate  the  knee  joint  loadings  at  the  knee  due  to  increased  knee  height  [18]. 

In  the  present  paper  a  case  study  has  been  presented  for  the  muscle  activity  of  gastrocnemius  and  tibialis  anterior 
of  the  drop  foot  patient  while  using  three  different  types  of  AFO  with  four  different  backpack  loading  conditions  and 
compared  it  with  the  muscle  activity  of  normal  foot. 

METHODOLOGY 


A  drop  foot  patient  (age  =  24  years,  height  =160  cm  and  weight  =  56  kg)  was  recruited  for  the  case  study  through 
local  advertisement.  The  patient  suffered  drop  foot  in  right  leg  and  have  never  used  any  orthotic  aid  to  support  the  drop 
foot.  The  study  was  approved  by  the  university  ethics  board  and  a  written  consent  was  taken  from  the  subject  after 
explaining  the  experimental  task. 

Ankle  Foot  Orthosis  (AFO) 


Three  different  types  of  AFO  viz.  Polypropylene  (PP),  carbon  fiber  composite  (CF)  and  Polylactic  Acid  (PLA) 
were  tested  and  compared  with  the  bare  foot  condition  during  gait  and  stair  climbing  task.  Figure  1  shows  the  different 
AFO  used  for  the  study. 


Figure  1:  Ankle  Foot  Orthosis-  (a)  PP,  (b)  CF  and  (c)  PLA 


Design  of  Experiment 


The  experiment  consisted  of  measuring  the  EMG  activity  of  Gastrocnemius  (GA)  and  Tibialis  anterior  (TA)  of  the 
right  leg  (affected  with  drop  foot)  during  gait  and  stair  climbing  task  with  and  without  (bare  foot)  the  AFOs.  The  two  tasks 
were  carried  out  at  five  different  backpack  load  conditions  viz.  0  kg  (without  backpack),  5  kg,  10  kg  and  25  kg.  Between 
each  loading  condition  a  time  gap  of  5  minutes  was  given  to  subside  fatigue.  The  stair  climb  (rise  =  180  mm,  tread  =  280 
mm,  width  =  450  mm)  consisted  of  climbing  6  stairs  in  a  row  without  any  hand  support  while,  the  gait  task  consisted  of 
subject  performing  the  gait  at  his  normal  pace  for  2.5  meters  (the  distance  was  marked  on  the  ground).  In  a  separate  trial 
the  two  tasks  were  conducted  to  record  the  muscle  activity  of  GA  and  TA  of  patient’s  left  leg  (unaffected  leg)  in  bare  foot 
condition  to  allow  comparison  with  the  drop  foot  muscle  activity  while  using  different  AFO  and  loading  conditions. 
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EMG  was  measured  with  the  aid  of  bipolar  active  EMG  electrodes  (SX230,  Biometrics  Ltd,  UK).  The  electrodes 
were  pre  amplified  with  biometrics  subject  unit  and  base  unit  (Biometrics  DLK  900).  The  EMG  data  was  recorded  at 
sampling  frequency  of  1000  Hz  into  the  PC  using  Data  LINK  acquisition  software.  Reference  electrode  was  attached  to  the 
lunate  bone  of  the  right  wrist. 

Procedure 

First  the  participant  was  given  introduction  to  the  AFO  and  briefed  about  the  experimental  purpose. 
Skin  preparation  was  done  before  placing  the  EMG  sensors  over  the  tested  muscle  groups  as  per  the  SENIAM  standards. 
With  each  loading  condition  the  subject  was  asked  to  carry  the  backpack  on  his  shoulder  and  carry  out  the  gait  and  stair 
climb  task  while  the  EMG  data  is  continuously  recorded  in  the  PC.  Figure  2shows  the  patient  performing  the  two  tasks. 
After  recording  the  muscle  activity  of  affected  foot  (drop  foot)  for  the  two  task  in  different  loading  and  AFO,  trials  were 
conducted  to  record  the  EMG  activity  of  GA  and  TA  of  unaffected  leg  for  different  backpack  loads  in  bare  foot  condition. 


Data  Acquisition  PC 
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Figure  2:  Patient  Performing  (a)  Gait  and  (b)  Stair  Climb  Task 

Approach  for  the  Analysis 

After  completion  of  the  experimental  trial,  post  processing  of  the  EMG  data  was  done  with  Data  LINK  PC 
software.  Root  mean  square  (RMS)  of  the  EMG  data  were  evaluated  for  successive  time  strap  of  125  ms  and  then 
normalized  using  peak  dynamic  normalization  method. 


nRMS  = 


(RMSEMG)mean-(RMSEMG)min 
(RMSEMG)max-(RMSEMG)min  ' 


(1) 


Where,  nRMS=  Normalized  RMS 


(RMSEMG)mean  =  Mean  EMG-RMS  during  the  task. 
(RMSEMG)mill  =  Minimum  EMG-RMS  during  task. 
(RMSEMG)max  =  Maximum  EMG-RMS  during  the  task. 
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RESULTS 

A  sample  result  for  the  recorded  EMG  data  and  evaluated  EMG-RMS  for  patient  wearing  CF  AFO  with  10  Kg 
load  for  gait  and  stair  climbing  task  is  shown  in  Figure  3.  The  results  showed  that  muscle  activation  EMG  amplitudes  of 
both  the  muscles  in  the  tasks  increases  with  increasing  backpack  loads.  The  maximum  EMG-RMS  of  GA  was  greater  than 
TA  for  both  the  gait  and  stair  climbing  task  for  all  the  AFO  tested  as  well  as  for  bare  foot.  Figure  4  summarizes  the 
normalized  EMG-RMS  (NER)  for  different  experimental  conditions. 
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Figure  3:  EMG-RMS  Data  for  TA  and  GA  During  Gait(a,  b)  and  Stair  Climb 
(c,d)  Respectively  for  Patient  Wearing  CF  AFO  and  Backpack  Load  of  10  kg 
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Figure  4:  Normalized  EMG  RMS  (NER)  for  the  Tested  Loads  and  AFOs 
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The  Normalized  EMG-RMS  (NER)  of  both  the  muscle  group  was  greater  in  stair  climbing  compared  to  gait.  NER 
of  gastrocnemius  was  greater  than  tibialis  anterior  for  both  the  task  under  the  same  load  condition.  While  using  PLA-AFO 
on  drop  foot  lower  limb,  the  NER  of  both  the  muscle  was  comparable  to  the  NER  value  of  normal  limb  in  both  the  task. 
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